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(57) According to an arrangement, an information
processing apparatus includes a prefetch unit(20) and a
scheduler unit(26). The prefetch unit(20) is configured to
prefetch a scheduling entry corresponding a future time
period in advance from scheduling information including
one or more entries each of which at least contains a

transmission state and interval for each of one or more
transmission queues. The scheduler unit(26) configured
to determine a starting time of transmission for each
frame waiting for transmission in each queue, on the ba-
sis of the prefetched entry.
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Description

FIELD

[0001] The present disclosure relates to an information processing apparatus, an information processing method, and
a computer-readable medium.

BACKGROUND

[0002] In the fields of industrial networks connecting industrial apparatuses in a factory, in-vehicle networks connecting
a controller in the vehicle, and the like, high real-time performance is required. In recent years, Ethernet (registered
trademark) has been used increasingly in industrial networks, in-vehicle networks, and the like, and various real-time
Ethernet standards have been proposed. For example, a technique has been disclosed. In the technique, transmission
control is performed on the basis of the priority, the guaranteed bandwidth, the transmission cycle or the transmission
interval of the frame, and the like.
[0003] However, conventional art has difficulty in performing scheduling to perform strict transmission timing control
in the unit of frames within the range of the transmission possible time dynamically changing on the basis of transmission
scheduling information assigned in advance to the transmission queue. Specifically, conventional art has difficulty in
performing scheduling to perform transmission timing control with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

FIG. 1 is a diagram illustrating a functional configuration of an information processing system;
FIG. 2 is a schematic diagram illustrating a data configuration of transmission scheduling information;
FIG. 3 is a schematic diagram illustrating future time information and transmission possible time information;
FIG. 4 is a flowchart illustrating a process of information processing;
FIG. 5 is a detailed flowchart of prefetching processing and scheduling processing;
FIG. 6 is a detailed flowchart of initialization processing;
FIG. 7 is a schematic diagram illustrating a flow of the initialization processing;
FIG. 8 is a detailed flowchart of the prefetching processing;
FIG. 9 is a schematic diagram illustrating a flow of the prefetching processing;
FIG. 10 is a detailed flowchart of determination processing;
FIG. 11 is a schematic diagram illustrating a flow of the determination processing;
FIG. 12 is a detailed flowchart of the scheduling processing;
FIG. 13 is a schematic diagram illustrating a flow of the scheduling processing;
FIG. 14 is a detailed flowchart of first post processing;
FIG. 15 is a schematic diagram illustrating a flow of the first post processing;
FIG. 16 is a detailed flowchart of second post processing;
FIG. 17 is a schematic diagram illustrating a flow of the second post processing;
FIG. 18 is a detailed flowchart of transmission processing;
FIG. 19 is a schematic diagram illustrating a flow of the transmission processing;
FIG. 20 is a diagram illustrating an example of typical periodicity of a gate state;
FIG. 21 is a diagram illustrating an example of typical periodicity of the gate state;
FIG. 22 is a diagram illustrating a state immediately after initialization;
FIG. 23 is a diagram illustrating the state immediately after initialization;
FIG. 24 is a diagram illustrating a state at the time 0.001 second after initialization;
FIG. 25 is a diagram illustrating a state at the time 0.001 second after initialization;
FIG. 26 is a diagram illustrating a state at the time 0.002 second after initialization;
FIG. 27 is a diagram illustrating a state at the time 0.002 second after initialization;
FIG. 28 is a diagram illustrating a state at the time 0.003 second after initialization;
FIG. 29 is a diagram illustrating a state at the time 0.003 second after initialization;
FIG. 30 is a diagram illustrating a state at the time 0.004 second after initialization;
FIG. 31 is a diagram illustrating a state at the time 0.004 second after initialization;
FIG. 32 is a diagram illustrating a state at the time 0.005 second after initialization;
FIG. 33 is a diagram illustrating a state at the time 0.005 second after initialization;
FIG. 34 is a diagram illustrating a state at the time 0.006 second after initialization;
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FIG. 35 is a diagram illustrating a state at the time 0.006 second after initialization;
FIG. 36 is a diagram illustrating a state at the time 0.007 second after initialization;
FIG. 37 is a diagram illustrating a state at the time 0.007 second after initialization;
FIG. 38 is a diagram illustrating a state at the time 0.008 second after initialization;
FIG. 39 is a diagram illustrating a state at the time 0.008 second after initialization;
FIG. 40 is a diagram illustrating a state at the time 0.009 second after initialization;
FIG. 41 is a diagram illustrating a state at the time 0.009 second after initialization;
FIG. 42 is a diagram illustrating a state at the time 0.010 second after initialization;
FIG. 43 is a diagram illustrating a state at the time 0.010 second after initialization;
FIG. 44 is a diagram illustrating a state at the time 0.011 second after initialization;
FIG. 45 is a diagram illustrating a state at the time 0.011 second after initialization;
FIG. 46 is a diagram illustrating a state at the time 0.012 second after initialization;
FIG. 47 is a diagram illustrating a state at the time 0.012 second after initialization;
FIG. 48 is a diagram illustrating a state at the time 0.013 second after initialization;
FIG. 49 is a diagram illustrating a state at the time 0.013 second after initialization;
FIG. 50 is a diagram illustrating a state at the time 0.014 second after initialization;
FIG. 51 is a diagram illustrating a state at the time 0.014 second after initialization;
FIG. 52 is a diagram illustrating a state at the time 0.015 second after initialization;
FIG. 53 is a diagram illustrating a state at the time 0.015 second after initialization;
FIG. 54 is a diagram illustrating a state at the time 0.016 second after initialization;
FIG. 55 is a diagram illustrating a state at the time 0.016 second after initialization;
FIG. 56 is a diagram illustrating a state at the time 0.017 second after initialization;
FIG. 57 is a diagram illustrating a state at the time 0.017 second after initialization;
FIG. 58 is a diagram illustrating a state at the time 0.999985 second after initialization;
FIG. 59 is a diagram illustrating a state at the time 0.999985 second after initialization;
FIG. 60 is a diagram illustrating a state at the time 0.999986 second after initialization;
FIG. 61 is a diagram illustrating a state at the time 0.999986 second after initialization;
FIG. 62 is a diagram illustrating a state at the time 0.999987 second after initialization;
FIG. 63 is a diagram illustrating a state at the time 0.999987 second after initialization;
FIG. 64 is a diagram illustrating a state at the time 0.9999875 second after initialization;
FIG. 65 is a diagram illustrating a state at the time 0.9999875 second after initialization;
FIG. 66 is a diagram illustrating a state at the time 0.999988 second after initialization;
FIG. 67 is a diagram illustrating a state at the time 0.999988 second after initialization;
FIG. 68 is a diagram illustrating a state at the time 0.9999885 second after initialization;
FIG. 69 is a diagram illustrating a state at the time 0.9999885 second after initialization;
FIG. 70 is a diagram illustrating a state at the time 0.999989 second after initialization;
FIG. 71 is a diagram illustrating a state at the time 0.999989 second after initialization;
FIG. 72 is a diagram illustrating a state at the time 0.9999895 second after initialization;
FIG. 73 is a diagram illustrating a state at the time 0.9999895 second after initialization; and
FIG. 74 is a hardware configuration diagram.

DETAILED DESCRIPTION

[0005] According to an arrangement, an information processing apparatus includes a prefetch unit and a scheduler
unit. The prefetch unit is configured to prefetch a scheduling entry corresponding a future time period in advance from
scheduling information including one or more entries each of which at least contains a transmission state and interval
for each of one or more transmission queues. The scheduler unit configured to determine a starting time of transmission
for each frame waiting for transmission in each queue, on the basis of the prefetched entry.
[0006] The following is a detailed explanation of an information processing apparatus, an information processing
method, and a computer program product, with reference to the attached drawings. The information processing apparatus
according to the present arrangement is suitably applied to, in particular, fields requiring high real-time performance.
[0007] First, the following is an explanation of an example of the standard used in fields requiring high real-time
performance. The term "high real-time performance" means, for example, low delay performance and high time syn-
chronization accuracy. Examples of the fields requiring high real-time performance include industrial networks and in-
vehicle networks.
[0008] For example, as a standard achieving real-time performance on Ethernet (registered trademark), standardization
of Time-Sensitive Networking (TSN) is being made progress with IEEE 802.1 TSN Task. TSN is formed of a plurality of
standards. TSN is a standard obtained by expanding Audio/Video Bridging (AVB) achieving low delay performance used
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in pro-audios. TSN is a standard aimed at achieving high reliability, in addition to real-time performance higher than
AVB, to enable application to industrial networks and in-vehicle networks.
[0009] IEEE 802.1Qbv serving as a TSN standard is a communication standard to control the transmission queues
of an end node or a relay node (switch), on the basis of a predetermined schedule. Specifically, IEEE 802.1Qbv controls
the timing of frame transmission from each of transmission queues, by separately and properly switching each of trans-
mission queues assigned to the respective traffic classes to a valid (open) or invalid (close) state.
[0010] The IEEE 802.1Qbv standard provides controlling each of the states of transmission queues using transmission
scheduling information referred to as a gate control list. The gate control list is formed of gate control entries including
gate states and time intervals. The gate state includes a transmission possible/impossible state of each of the transmission
queues. The transmission possible/impossible state is indicated with "valid" (open) indicating that transmission is possible,
or "invalid" (close) indicating that transmission is impossible. The time interval indicates the time for which the corre-
sponding gate state is maintained. The gate control list is set in advance, in accordance with the application of the upper
layer and/or the communication requirements of the whole network.
[0011] A plurality of transmission queues and open/close processing of the gates corresponding to the respective
transmission queues are controlled, at the timing set in the gate control list. In this manner, the transmission timing from
each of the transmission queues is controlled, at the timing scheduled on the basis of the gate control list. For example,
this structure enables control of the transmission possible/impossible state of each of the transmission queues changing
with lapse of time, on the basis of the predetermined schedule, at each of nodes on the network. This structure enables
reduction in network delay and/or jitter in data transmission requiring high real-time performance, by strictly controlling
timing to permit frame transmission from each of the transmission queues.
[0012] Accurate control of the time intervals with the order of several nanoseconds to several microseconds is required,
to cause a transmission control method provided with the IEEE 802.1Qbv standard to function effectively. However,
conventional art has difficulty in achieving such accuracy required, and performing scheduling for transmission timing
control with high accuracy.
[0013] Accordingly, the information processing apparatus according to the present arrangement adopts the following
configuration, to achieve scheduling for transmission timing control with high accuracy.
[0014] The information processing apparatus according to the present arrangement performs transmission timing
control of frames transmitted from the transmission queues, on the basis of transmission schedule information. The
present arrangement illustrates the case of using IEEE 802.1Qbv as the standard used for transmission control, as an
example. However, the standard used with the information processing apparatus of the present arrangement for trans-
mission control is not limited to IEEE 802.1Qbv.

Example of Functional Configuration

[0015] The following is a specific explanation of the information processing apparatus 10 according to the present
arrangement.
[0016] FIG. 1 is a diagram illustrating an example of a functional configuration of an information processing system 1
according to the present arrangement. The information processing system 1 includes the information processing appa-
ratus 10, and a communication apparatus 2. The information processing apparatus 10 outputs frames to the communi-
cation apparatus 2 through a network or the like.
[0017] In the present arrangement, the information processing apparatus 10 includes a host 12 and a transmission
device 14. The host 12 and the transmission device 14 are connected with each other through, for example, a PCI
Express and a bus.
[0018] The communication apparatus 2 is an apparatus connected with the transmission device 14. The communication
apparatus 2 is, for example, a communication apparatus. The connection method of the transmission device 14 and the
communication apparatus 2 may be a wireless method, or a wired method. The number of the communication apparatus
2 connected with the transmission device 14 is not limited to one, but may be two or more.
[0019] The information processing apparatus 10 may be formed of only the host 12. Specifically, the information
processing apparatus 10 may have a structure in which no transmission device 14 is included. As another example, the
information processing apparatus 10 may be formed of only the transmission device 14. In such a case, it suffices that
the transmission device 14 is equipped with functional units of the host 12 described later. The present arrangement
illustrates the case where the information processing apparatus 10 includes the host 12 and the transmission device
14, as an example.
[0020] The host 12 includes a processor 31 and a storage unit 30. The processor 31 and the storage unit 30 are
connected with each other to mutually transmit and receive data and/or signals.
[0021] The processor 31 controls the whole host 12. Specifically, the processor 31 schedules the scheduled trans-
mission start time for the frame (details thereof will be described later).
[0022] The processor 31 may have any specific form. The processor 31 is, for example, software, a personal computer,
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a server device, a dedicated large-scale integration (LSI), or a field programmable gate array (FPGA). When the processor
31 is achieved with software, the processor 31 is achieved by causing, for example, a central processing unit (CPU), or
a micro-processing unit (MPU) to execute the software.
[0023] The specific application serving as a target of control with the processor 31 may be any application. Examples
of the specific application include an in-vehicle system and a factory automation system. In an in-vehicle system, for
example, the processor 31 controls communications requiring real-time performance, such as communications relating
to various controls of automated driving. In a factory automation system, the processor 31 controls communications
requiring real-time performance, such as communications of control signals of various control devices, such as a pro-
grammable logic controller (PLC) and I/O devices.
[0024] The storage unit 30 stores various types of data therein. The storage unit 30 may have any specific form. The
storage unit 30 is a storage device, such as a static random access memory (SRAM), a synchronous dynamic random
access memory (SDRAM), a solid state drive (SSD), a hard disk drive (HDD), and a SD card.
[0025] In the present arrangement, the storage unit 30 includes a frame storage 32, a scheduling information storage
34, an available time storage 36, and a future time storage 38.
[0026] The frame storage 32, the scheduling information storage 34, the available time storage 36, and the future time
storage 38 may be formed of a plurality of physically different storage devices. As another example, the frame storage
32, the scheduling information storage 34, the available time storage 36, and the future time storage 38 may be achieved
by logically dividing an area of the same storage device.
[0027] As another example, at least part of the storage unit 30 and the processor 31 may be formed as physically
divided separate units. For example, the storage unit 30 may be stored in a server device connected to the network. For
example, at least part of information stored in the storage unit 30 may be stored in the server device.
[0028] The frame storage 32 includes one or more transmission queues. The present arrangement illustrates the case
where the frame storage 32 includes N (N is an integer of 2 or more) transmission queues (transmission queue 0 to
transmission queue N-1), as an example. Each of the transmission queues stores frames therein. The frames are, for
example, traffic data requiring real-time performance. The frames are transmitted to the communication apparatus 2 by
processing described later.
[0029] The frame storage 32 stores frames in one of transmission queue 0 to transmission queue N-1, on the basis
of the traffic class to which the frame belongs. For example, an application of the upper layer writes a new frame to the
transmission queue at any desired timing.
[0030] The scheduling information storage 34 stores transmission scheduling information 34A therein. The transmis-
sion scheduling information 34A includes information required to strictly control the timing to permit frame transmission
from the transmission queue.
[0031] The transmission scheduling information 34A indicates the timing to permit frame transmission from the trans-
mission queue, and whether frame transmission actually occurs is determined on the basis of whether the frame has
been written to the transmission queue. Specifically, whether transmission of the frame actually occurs is determined
on the basis of operation, and the like, of the application located in the upper layer.
[0032] Specifically, the transmission scheduling information 34A includes one or more entries. The present arrange-
ment illustrates the case where the transmission scheduling information 34A includes a plurality of entries, as an example.
[0033] An entry at least contains a transmission state and interval for each of one or more transmission queues. In
other words, an entry provides the transmission possible/impossible state of each of one or more transmission queues,
and the maintaining timing of the transmission possible/impossible state. For example, an entry corresponds to a gate
control entry provided in the IEEE 802.1Qbv standard.
[0034] The transmission possible/impossible state is indicated with "valid" (open) indicating that transmission is pos-
sible, or "invalid" (close) indicating that transmission is impossible. For example, the transmission possible/impossible
state corresponds to a gate state provided in the IEEE 802.1Qbv standard.
[0035] The maintaining timing of the transmission possible/impossible state indicates the timing to maintain the cor-
responding transmission possible/impossible state. Specifically, the future time period is specified with a starting time
and an end time of a period for which the corresponding transmission state is valid, or a starting time and a specific
amount of time for which the corresponding transmission state is valid. In other words, the maintaining timing is specified
with the start time and the end time of the period for which the corresponding transmission possible/impossible state is
maintained, or the period for which the corresponding transmission possible/impossible state is maintained and the start
time of the period. The period for which the corresponding transmission possible/impossible state is maintained corre-
sponds to the time interval provided in the IEEE 802.1Qbv standard. The start time of the period corresponds to the gate
control start time provided in the IEEE 802.1Qbv standard.
[0036] The present arrangement illustrates the case where the transmission scheduling information 34A includes
information provided in the IEEE 802.1Qbv standard, as an example. Specifically, the present arrangement illustrates
the case where the transmission scheduling information 34A includes a gate control list and other parameters, such as
the gate control start time, as an example. In the following explanation, the transmission possible/impossible state may
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also be referred to as a gate state, and the period for which the transmission possible/impossible state is maintained
may also be referred to as a time interval.
[0037] FIG. 2 is a schematic diagram illustrating an example of a data configuration of the transmission scheduling
information 34A.
[0038] In the present arrangement, the transmission scheduling information 34A includes a gate control list 34B and
other parameters 34C.
[0039] The gate control list 34B includes a plurality of entries 34D. Each of the entries 34D includes a list index, a gate
state, and a time interval. The list index is information indicating the index of the entry 34D. FIG. 2 illustrates the case
where eight entries 34D (entry 34D0 to entry 34D7) are registered in the gate control list 34B, as an example.
[0040] Each of the entries 34D includes a list index, a gate state, and a time interval. As described above, the gate
state indicating the transmission possible/impossible state indicates the transmission possible/impossible state for each
of the transmission queues assigned to the respective traffic classes. In FIG. 2, the mark "o" expressed in the gate state
indicates "valid" (open) indicating that transmission is possible, and the mark "C" indicates "invalid" (close) indicating
that transmission is impossible.
[0041] Specifically, for example, the gate state "CCCCCCCo" of the entry 34D7 with the list index "7" in FIG. 2 indicates
the transmission possible/impossible state (open or close) of each of the transmission queues in the frame storage 32.
As described above, the present arrangement illustrates the case where the frame storage 32 includes eight transmission
queues (transmission queue 0 to transmission queue 7). Accordingly, the gate state "CCCCCCCo" of the entry 34D7
with the list index "7" indicates that transmission queue 1 to transmission queue 7 are invalid (close), and transmission
queue 0 is valid (open). The corresponding interval "2,500 nanoseconds" indicates that the period for which the trans-
mission queue 0 is made valid is 2,500 nanoseconds.
[0042] The other parameters 34C include, for example, the gate control start time, the gate control cycle time, and the
number of entries in the gate control list 34B. The gate control cycle time indicates the time for one cycle indicated in
the gate control list 34B. For example, the total value of the time intervals in the gate control list 34B may be set as the
gate control cycle time.
[0043] The explanation will be continued, with reference to FIG. 1 again. The future time storage 38 stores future time
information 38A therein. The available time storage 36 stores transmission possible time information 36A therein.
[0044] FIG. 3 is a diagram illustrating an example of the future time information 38A and the transmission possible
time information 36A.
[0045] The future time information 38A is information indicating the future time.
[0046] The future time is time serving as a candidate for the next scheduled transmission start time, and future (coming)
time of the current time. The scheduled transmission start time is scheduled time at which frame transmission is started,
and scheduled by processing performed with the processor 31 described later (details of the processing will be described
later). The next scheduled transmission start time is time serving as a candidate for the scheduled transmission start
time for the frame to be scheduled next with the scheduler unit 26 described later.
[0047] A local clock of the information processing apparatus 10 may be used as the current time. The current time
may be the time synchronized between the information processing apparatus 10 and the other apparatuses, or the time
synchronized in the network.
[0048] The future time is used when the scheduled transmission start time for the next frame is scheduled (details
thereof will be described later).
[0049] The future time information 38A indicates one future time. Specifically, the term "future time" in the present
arrangement indicates one future time stored in the future time storage 38. The future time is updated by processing
performed with the processor 31 described later (details of the processing will be described later).
[0050] The transmission possible time information 36A is information indicating the transmission possible time for
each of the transmission queues. In more detail, the transmission possible time indicates the remaining time for which
the frame can be transmitted from the corresponding transmission queue. The transmission possible time is assigned
to each of the transmission queues, and the value thereof changes together with change of the current time and the
future time. Specifically, the transmission possible time of each of the transmission queues is updated by the processing
performed with the processor 31 described later (details of the processing will be described later).
[0051] The explanation will be continued, with reference to FIG. 1 again. The following is an explanation of the processor
31. The processor 31 includes a prefetch unit 20, a schedulability evaluation unit 22, a prefetch notification unit 24, and
a scheduler unit 26.
[0052] The prefetch unit 20 is configured to prefetch a scheduling entry corresponding a future time period in advance
from scheduling information including one or more entries. In other words, the prefetch unit 20 prefetches the entry 34D
corresponding to the future maintaining timing coming after the current time, in the transmission scheduling information
34A. In other words, the prefetch unit 20 prefetches the entry 34D serving as a target of transmission control in the future
timing coming after the current time. The term "prefetching" means reading the entry 34D serving as a target of trans-
mission control at the future time coming after the current time, in advance before the future time.
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[0053] In the present arrangement, the prefetch unit 20 is configured to prefetch the next entry 34D, when the prefetch
unit 20 receives a notification from the prefetch notification unit 24. IN other words, the prefetch unit 20 prefetches the
next entry 34D from the scheduling information storage 34, when the prefetch unit 20 receives a prefetching instruction
from the prefetch notification unit 24.
[0054] The prefetch unit 20 is configured to update a future time, which is a prospective time to schedule future
transmission, and an available time for transmission for each queue at the future time, on the basis of the prefetched
entry. In other words, on the basis of the prefetched next entry 34D, the prefetch unit 20 updates the future time serving
as a candidate for the scheduled transmission start time of the frame to be scheduled next with the scheduler unit 26
described later, and the transmission possible time assigned to the transmission queue at the future time.
[0055] For example, the prefetch unit 20 assigns the value of the time interval included in the prefetched entry 34D,
as the transmission possible time, to the transmission queue included in the prefetched entry 34D with the gate state
being the valid (open) state.
[0056] There are cases where "valid" (open) indicating that transmission is possible is successively set for the same
transmission queue in a plurality of entries 34D in the gate control list 34B. In such cases, the prefetch unit 20 prefetches
these entries 34D. Accordingly, in such cases, the prefetch unit 20 assigns the total value of the time intervals included
in the prefetched entries 34D, as the transmission possible time of the transmission queue.
[0057] The prefetch notification unit 24 is configured to notify the prefetch unit 20 to prefetch a next entry from the
scheduling information. In other words, the prefetch notification unit 24 notifies the prefetch unit 20 of the prefetching
instruction.
[0058] For example, the prefetch notification unit 24 is configured to send notification to the prefetch unit 20, on the
basis of an available time for transmission for each and every queue at a future time, which is a prospective time to
schedule future transmission. In other words, the prefetch notification unit 24 notifies the prefetch unit 20 of the prefetching
instruction, on the basis of the transmission possible time assigned to the transmission queue at the future time.
[0059] Specifically, for example, the prefetch notification unit 24 notifies the prefetch unit 20 of the prefetching instruc-
tion, when all the values of the transmission possible time assigned to the respective transmission queues stored in the
available time storage 36 are "0" at the future time stored in the future time storage 38.
[0060] In addition, the prefetch notification unit 24 may notify the prefetch unit 20 of the prefetching instruction, when
the schedulability evaluation unit 22 described later determines that scheduling of each of the transmission queues is
impossible.
[0061] The prefetch notification unit 24 may be configured to send notification to the prefetch unit 20, on the basis of
the available time of each queue at the future time, and a time difference between a current time and the future time. In
other words, the prefetch notification unit 24 may notify the prefetch unit 20 of the prefetching instruction, on the basis
of the transmission possible time of each of the transmission queues, and a time difference between the future time and
the current time.
[0062] Specifically, the prefetch notification unit 24 presets a threshold of the time difference between the future time
and the current time. When the time difference between the future time and the current time is equal to or smaller than
the threshold, the prefetch notification unit 24 notifies the prefetch unit 20 of the prefetching instruction.
[0063] As another example, the prefetch notification unit 24 may update the transmission possible time of each of the
transmission queues, on the basis of the time difference between the future time and the current time, and notify the
prefetch unit 20 of the prefetching instruction.
[0064] In this case, the prefetch notification unit 24 is configured to update the available time of each queue, on the
basis of a time difference between a current time and the future time. In other words, the prefetch notification unit 24
updates the values of the transmission possible time to be assigned to the respective transmission queues at the future
time, on the basis of the time difference between the future time and the current time. For example, when any frame for
which scheduling is possible exists, the update processing is executed as post processing after the scheduling processing
is executed with the scheduler unit 26 described later. In the following explanation, the update processing performed
with the prefetch notification unit 24 may be referred to as second post processing.
[0065] For example, the prefetch notification unit 24 reduces the values of the transmission possible time corresponding
to the respective transmission queues in the transmission possible time information 36A, when the time difference
between the future time stored in the future time storage 38 and the current time is equal to or smaller than the threshold,
and the time difference is smaller than the value calculated in the previous iteration. For example, the prefetch notification
unit 24 reduces the transmission possible time, by subtracting a predetermined value from each of the values of the
transmission possible time in the transmission possible time information 36A. The value used for subtraction may be
any value satisfying the condition that the transmission possible time of each of the transmission queues is reduced to
zero before the current time reaches the future time. Specifically, a predetermined fixed value may be used as the value
used for the subtraction in the second post processing. As another example, a plurality of fixed values may be set in
advance, and the value used for the subtraction may be dynamically selected therefrom, in accordance with the value
of the time difference. As another example, the value itself used for the subtraction may be dynamically calculated. As
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an example, the transmission possible time may be reduced, in accordance with a difference between the threshold and
the time difference.
[0066] The prefetch notification unit 24 may notify the prefetch unit 20 of the prefetching instruction, when all the values
of the transmission possible time of the respective transmission queues indicated in the transmission possible time
information 36A after subtraction by the second post processing becomes "0".
[0067] The following is an explanation of the schedulability evaluation unit 22.
[0068] The schedulability evaluation unit 22 is configured to evaluate each frame waiting for transmission in each
queue and determine one or more schedulable frames, if any exist. In other words, the schedulability evaluation unit 22
determines a frame for which scheduling of the scheduled transmission start time is possible, among the frames retained
in the transmission queue and waiting for transmission.
[0069] For example, the schedulability evaluation unit 22 is configured to determine whether or not each frame waiting
for transmission can be schedulable, which means each frame can be transmitted within the available time of each
corresponding queue at the future time. In other words, the schedulability evaluation unit 22 determines a frame with
the required transmission time smaller than the transmission possible time assigned to the transmission queue at the
future time serving as a candidate for the next scheduled transmission start time, among the frames retained in the
transmission queue and waiting for transmission, as the frame for which scheduling of the scheduled transmission start
time is possible.
[0070] The required transmission time is time required for transmission of the frame from a frame transmission unit
28 to the communication apparatus 2. It suffices that the schedulability evaluation unit 22 reads parameters used for
calculation of the required transmission time from the frame storage 32, and calculates the required transmission time
for each of the frames stored in the frame storage 32. Examples of the parameters used for calculation of the required
transmission time include a frame size, presence/absence of retransmission, and/or the number and intervals of trans-
mission retrials.
[0071] The schedulability evaluation unit 22 may determine a frame with the required transmission time smaller than
the transmission possible time assigned to the transmission queue at the future time, among the frames retained in the
transmission queue and in "transmission possible state", instead of frames waiting for transmission, as the frame for
which scheduling is possible. For example, any traffic shaping algorithm may be applied to a specific transmission queue,
and a frame, transmission of which is permitted as a result of the application, may be regarded as a frame in "transmission
possible state". For example, Credit Based Shaper provided in the IEEE 802.1Qav standard may be used, as a specific
example of the traffic shaping algorithm. However, the traffic shaping algorithm is not limited to IEEE 802.1Qav.
[0072] The following is an explanation of the scheduler unit 26.
[0073] The scheduler unit 26 is configured to determine a starting time of transmission for each frame waiting for
transmission in each queue, on the basis of the prefetched entry. In other words, the scheduler unit 26 schedules the
scheduled transmission start time for the frame retained in the transmission queue and waiting for transmission, on the
basis of the entry 34D prefetched with the prefetch unit 20.
[0074] Specifically, the scheduler unit 26 is configured to schedule a starting time of transmission for a predetermined
schedulable frame. In other words, the scheduler unit 26 schedules the scheduled transmission start time of the frame
determined with the schedulability evaluation unit 22 as a frame for which scheduling is possible. More specifically, the
scheduler unit 26 reads a frame determined with the schedulability evaluation unit 22 as a frame for which scheduling
is possible, from the frame storage 32. Thereafter, the scheduler unit 26 schedules the scheduled transmission start
time of the read frame.
[0075] In the present arrangement, the scheduler unit 26 selects a frame serving as a scheduling target, from the
frame determined with the schedulability evaluation unit 22 as a frame for which scheduling is possible. When a plurality
of frames exists as frames determined as frames for which scheduling is possible, the scheduler unit 26 can select
frames of the number equal to the number of frame transmission units 28 provided in the information processing apparatus
10. The present arrangement illustrates an example in which the information processing apparatus 10 includes one
frame transmission unit 28. Accordingly, in the present arrangement, the scheduler unit 26 selects one frame as a
scheduling target, from the frames determined with the schedulability evaluation unit 22 as frames for which scheduling
is possible. The algorithm used in the selection may be any algorithm. As specific examples of the selection algorithm,
for example, a fixed-priority algorithm or a round-robin algorithm may be used. However, the algorithm is not limited
thereto.
[0076] Thereafter, the scheduler unit 26 schedules the scheduled transmission start time for the selected frame.
[0077] For example, the scheduler unit 26 schedules the future time stored in the future time storage 38, as the
scheduled transmission start time of the selected frame. Specifically, the scheduler unit 26 schedules the future time
set or updated with the prefetch unit 20 on the basis of the prefetched entry 34D, or updated by the first post processing
(details thereof will be described later) after the previous scheduling processing, as the scheduled transmission start
time of the selected frame.
[0078] As described above, the scheduler unit 26 is capable of scheduling the scheduled transmission start time of
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each of the frames, within the range satisfying the restriction defined with the transmission scheduling information 34A.
[0079] In addition, as described above, the scheduler unit 26 schedules the scheduled transmission start time of the
frame, on the basis of the entry 34D prefetched with the prefetch unit 20. With this structure, the scheduler unit 26 is
capable of scheduling the scheduled transmission start time for transmission timing control with high accuracy.
[0080] The scheduler unit 26 is configured to update the future time and the available time of each queue, using a
required amount of time to transmit a scheduled frame. In other words, when the scheduler unit 26 schedules the
scheduled transmission start time of the frame determined as a frame for which scheduling is possible, the scheduler
unit 26 performs first post processing, as post processing.
[0081] The first post processing is processing of updating the future time serving as a candidate for the next scheduled
transmission start time, and the values of the transmission possible time assigned to the respective transmission queues
at the future time, using the required transmission time of the scheduled frame, after scheduling.
[0082] For example, the scheduler unit 26 calculates the time obtained by adding the required transmission time of
the frame for which the scheduled transmission start time has been scheduled to the future time stored in the future time
storage 38, as the updated future time.
[0083] In addition, for example, the scheduler unit 26 calculates the time obtained by subtracting the required trans-
mission time of the frame for which the scheduled transmission start time has been scheduled from each of the values
of the transmission possible time assigned to the respective transmission queues stored in the available time storage
36, as the updated values of the transmission possible time.
[0084] Thereafter, the scheduler unit 26 updates the values of the transmission possible time and the future time
stored in the available time storage 36 and the future time storage 38, respectively, to the calculated updated values of
the transmission possible time and the updated future time. As described above, the scheduler unit 26 performs the first
post processing, after scheduling the scheduled transmission start time.
[0085] The following is an explanation of the transmission device 14.
[0086] The transmission device 14 is, for example, a Network Interface Card (NIC). The transmission device 14 includes
the frame transmission unit 28.
[0087] The frame transmission unit 28 is configured to start transmission of a frame, on the basis of a predetermined
starting time of transmission. In other words, the frame transmission unit 28 starts transmission of the frame, on the
basis of the scheduled transmission start time scheduled with the scheduler unit 26. In the present arrangement, the
frame transmission unit 28 transmits the frame to the communication apparatus 2.
[0088] The frame transmission unit 28 starts transmission of the frame, when the transmission start condition is satisfied
for the frame with the scheduled transmission start time scheduled with the scheduler unit 26.
[0089] The transmission start condition is, for example, a condition that the current time agrees with the scheduled
transmission start time, a condition that the time difference between the current time and the scheduled transmission
start time becomes smaller than the predetermined threshold, or a condition that the time difference between the current
time and the scheduled transmission start time falls within a range of the predetermined threshold and the current time
has passed the scheduled transmission start time. The following explanation illustrates the case where the transmission
start condition is a condition that the current time agrees with the scheduled transmission start time, as an example.
[0090] Specifically, in the present arrangement, the frame transmission unit 28 performs transmission of the frame to
the communication apparatus 2 when the scheduled transmission start time scheduled for the frame with the scheduler
unit 26 agrees with the current time. In other words, the frame transmission unit 28 starts transmission of the frame for
which the scheduled transmission start time has been scheduled when the scheduled transmission start time agrees
with the current time.
[0091] The scheduler unit 26 and the frame transmission unit 28 may include areas in which the scheduler unit 26
and the frame transmission unit 28 can buffer the frame temporarily.
[0092] As described above, the frame transmission unit 28 starts transmission of the frame for which the scheduled
transmission start time has been scheduled, on the basis of the scheduled transmission start time scheduled with the
scheduler unit 26. With this structure, the information processing apparatus 10 is capable of transmitting each of the
frames to the communication apparatus 2 at the scheduled transmission start time that has been scheduled. Specifically,
the information processing apparatus 10 according to the present arrangement is capable of guaranteeing the trans-
mission timing of data requiring real-time communication.
[0093] The following is an explanation of an example of a process of information processing performed with the
information processing apparatus 10.

Information Processing

[0094] FIG. 4 is a flowchart illustrating an example of a process of information processing performed with the information
processing apparatus 10 according to the present arrangement. The information processing apparatus 10 performs
prefetching processing and scheduling processing (Step S100) performed with the processor 31 and transmission
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processing (Step S102) performed with the frame transmission unit 28 simultaneously in parallel.

Prefetching Processing and Scheduling Processing

[0095] FIG. 5 is a detailed flowchart of the processing at Step S100 (see FIG. 4). As illustrated in FIG. 5, first, the
prefetch unit 20 performs initialization processing (Step S200). At Step S200, the prefetch unit 20 calculates the trans-
mission possible time and the future time to be used as initial values. The detailed flowchart of the initialization processing
at Step S200 will be described later.
[0096] Thereafter, the prefetch unit 20 performs prefetching processing (Step S202). By the processing at Step S202,
the prefetch unit 20 prefetches the next entry 34D, and updates the transmission possible time and the future time. The
detailed flowchart of the prefetching processing at Step S202 will be described later.
[0097] Thereafter, in prefetching processing at Step S202, it is determined whether a prefetching instruction has been
notified from the prefetch notification unit 24 (Step S204). When it is determined that the prefetching instruction has
been notified (Yes at Step S204), the process returns to Step S202.
[0098] The case where affirmative determination (Yes at Step S204) is made at Step S204 is the case where, for
example, "valid" (open) indicating that transmission is possible is successively set for the same transmission queue in
a plurality of entries 34D in the gate control list 34B. In such a case, the prefetch unit 20 prefetches these entries 34D,
by repeating the prefetching processing at Step S202.
[0099] By contrast, when it is determined that no prefetching instruction has been notified (No at Step S204), the
process proceeds to Step S206. At Step S206, the schedulability evaluation unit 22 performs determination processing
(Step S206). By the determination processing at Step S206, the schedulability evaluation unit 22 determines whether
any frame for which scheduling is possible exists. The detailed flowchart of the determination processing at Step S206
will be described later.
[0100] When it is determined that no frame for which scheduling is possible exists (No at Step S208) by the determination
processing at Step S206, the process proceeds to Step S214 described later. By contrast, when it is determined that
any frame for which scheduling is possible exists (Yes at Step S208) by the determination processing at Step S206, the
process proceeds to Step S210.
[0101] At Step S210, the scheduler unit 26 performs scheduling processing (Step S210). By the processing at Step
S210, the scheduler unit 26 schedules the scheduled transmission start time for the frame. The detailed flowchart of the
scheduling processing at Step S210 will be described later.
[0102] Thereafter, the scheduler unit 26 performs the first post processing (Step S212). By the processing at Step
S212, the scheduler unit 26 updates the future time serving as a candidate for the next scheduled transmission start
time, and the values of the transmission possible time assigned to the respective transmission queues at the future time,
using the required transmission time of the frame scheduled at Step S210. The detailed flowchart of the first post
processing at Step S212 will be described later. Thereafter, the process proceeds to Step S214.
[0103] At Step S214, the prefetch notification unit 24 performs the second post processing (Step S214). By the process-
ing at Step S214, the prefetch notification unit 24 updates the transmission possible time assigned to the transmission
queue at the future time, on the basis of the time difference between the future time and the current time. The detailed
flowchart of the second post processing at Step S214 will be described later.
[0104] By the processing at Step S214, the process for one loop relating to the prefetching processing and the sched-
uling processing in the flowchart of FIG. 5 is ended. Thereafter, the process returns to Step S202 described above, and
the information processing apparatus 10 repeatedly performs the above process. With the process, the information
processing apparatus 10 is capable of continuously performing the prefetching processing and the scheduling processing.

Initialization Processing

[0105] FIG. 6 is a detailed flowchart of the initialization processing at Step S200 (see FIG. 5). FIG. 7 is a schematic
diagram illustrating a flow of the initialization processing.
[0106] First, the prefetch unit 20 reads the transmission scheduling information 34A from the scheduling information
storage 34 (Step S300). In more detail, the prefetch unit 20 reads the transmission scheduling information 34A including
the gate control list 34B and the other parameters 34C (see FIG. 2).
[0107] Thereafter, the prefetch unit 20 determines the initial values of the transmission possible time and the future
time using the transmission scheduling information 34A read at Step S300 (Step S302).
[0108] For example, the prefetch unit 20 sets the gate control start time (see FIG. 2) included in the other parameters
34C, as the initial value of the future time.
[0109] In addition, for example, the prefetch unit 20 sets the values of the transmission possible time assigned to the
respective transmission queues at the future time, on the basis of the gate state of the queues and the time interval
included in the entry 34D.
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[0110] Specifically, for example, the prefetch unit 20 specifies the entry 34D (for example, entry 34D0) on which
transmission control is performed first in the gate control list 34B (see also FIG. 2). Thereafter, the prefetch unit 20
determines the time interval (for example, 2,500 nanoseconds) indicated in the entry 34D0, as the initial value of the
transmission possible time, for the transmission queue (for example, transmission queue 7) for which the "valid" (open)
is set in the gate state of the entry 34D0.
[0111] In addition, for example, the prefetch unit 20 sets the value "0", as the initial value of the transmission possible
time, for each of the transmission queues (for example, transmission queue 6 to transmission queue 0) other than the
transmission queue for which "valid" (open) is set, in the gate state of the entry 34D on which transmission control is
performed first.
[0112] Thereafter, the prefetch unit 20 writes the initial values of the transmission possible time and the future time
determined at Step S302, to the transmission possible time information 36A and the future time information 38A, re-
spectively (Step S304). Thereafter, the present routine is ended.

Prefetching Processing

[0113] FIG. 8 is a detailed flowchart of the prefetching processing at Step S202 (see FIG. 5). FIG. 9 is a schematic
diagram illustrating a flow of the prefetching processing.
[0114] First, the prefetch notification unit 24 reads the values of the transmission possible time assigned to the re-
spective transmission queues from the available time storage 36 (Step S400).
[0115] Thereafter, the prefetch notification unit 24 determines whether the values of the transmission possible time
read at Step S400 are "0" (Step S402). Specifically, the prefetch notification unit 24 determines whether the remaining
time for which the frame can be transmitted is zero for each of the transmission queues. The expression that the remaining
time is zero means that no remaining time is left.
[0116] When the prefetch notification unit 24 determines that the transmission possible time remains for any of the
transmission queues (No at Step S402), the present routine is ended. By contrast, when the prefetch notification unit
24 determines that the transmission possible time is zero for all the transmission queues (Yes at Step S402), the process
proceeds to Step S404.
[0117] The present arrangement illustrates the case where the value "0" is set, as the transmission possible time, for
the transmission queues other than the transmission queue for which "valid" (open) is set. Specifically, the transmission
possible time of each of the transmission queues set to "invalid" (close) is "0". Accordingly, when the prefetch notification
unit 24 determines that all the values of the transmission possible time assigned to all the respective transmission queues
registered in the transmission possible time information 36A are "0", the prefetch notification unit 24 makes affirmative
determination (Yes at Step S402) at Step S402.
[0118] At Step S404, the prefetch notification unit 24 notifies the prefetch unit 20 of a prefetching instruction (Step
S404). Specifically, the prefetch notification unit 24 notifies the prefetch unit 20 of the prefetching instruction, when no
transmission possible time remains for the transmission queues at the future time stored in the available time storage 36.
[0119] The prefetch unit 20 that has received the prefetching instruction prefetches the next entry 34D from the
scheduling information storage 34 (Step S406). The next entry 34D is the entry 34D following the entry 34D processed
immediately before, in the gate control list 34B. The order of the prefetching processing is indicated, for example, with
the values expressed in the list index. In the initial state, it suffices that the prefetch unit 20 prefetches the entry 34D (for
example, entry 34D0 in FIG. 2) listed first in the list index.
[0120] Thereafter, the prefetch unit 20 calculates the future time serving as a candidate for the scheduled transmission
start time of the frame to be scheduled next, and the transmission possible time assigned to the transmission queue at
the future time (Step S408), on the basis of the next entry 34D prefetched at Step S404 (Step S408).
[0121] For example, the prefetch unit 20 may calculates the start time of the entry 34D prefetched at Step S406, as
the updated future time to be stored in the future time storage 38.
[0122] In addition, for example, the prefetch unit 20 calculates the value of the time interval included in the entry 34D
prefetched at Step S406, as the transmission possible time to be assigned to the transmission queue for which "valid"
(open) is set, indicated in the gate state of the entry 34D. When the prefetch unit 20 prefetches a plurality of entries 34D,
it suffices that the prefetch unit 20 calculates the total value of the time intervals included in the respective prefetched
entries 34D, as the transmission possible time.
[0123] Thereafter, the prefetch unit 20 writes the transmission possible time and the future time calculated at Step
S408 to the transmission possible time information 36A and the future time information 38A, respectively. By the writing,
the prefetch unit 20 updates the transmission possible time and the future time in the transmission possible time infor-
mation 36A and the future time information 38A (Step S410).
[0124] Specifically, the prefetch unit 20 updates the future time, by writing the future time calculated at Step S408 over
the future time information 38A of the future time storage 38. The prefetch unit 20 also assigns the transmission possible
time calculated at Step S408 to the transmission queue corresponding to the transmission possible time. Thereafter,
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the present routine is ended.

Determination Processing

[0125] FIG. 10 is a detailed flowchart of the determination processing at Step S206 (see FIG. 5). FIG. 11 is a schematic
diagram illustrating a flow of the determination processing.
[0126] First, the schedulability evaluation unit 22 reads state information of each of the transmission queues from the
frame storage 32 (Step S500).
[0127] The state information is parameters used for determination of presence/absence of the frame retained in the
transmission queue and waiting for transmission, and calculation of the required transmission time of the frame retained
in each of the transmission queues. Examples of the state information include a frame size, presence/absence of
retransmission, and/or the number and intervals of transmission retrials.
[0128] The schedulability evaluation unit 22 may read state information further including information used for deter-
mination of priorities of the respective transmission queues, in preparation for the case where a plurality of frames for
which scheduling of the scheduled transmission start time is possible exist. The information used for determination of
priorities of the respective transmission queues may be, for example, preset fixed values, or dynamically changing
values. Specifically, the information used for determination of priorities of the respective transmission queues may be
values corresponding to traffic classes of the respective transmission queues indicated in the IEEE 802.1Qbv standard.
[0129] Thereafter, the schedulability evaluation unit 22 reads the values of the transmission possible time assigned
to the respective transmission queues from the available time storage 36 (Step S502). Specifically, the schedulability
evaluation unit 22 reads the values of the transmission possible time assigned to the respective transmission queues
at the future time stored in the future time storage 38, from the available time storage 36.
[0130] Thereafter, the schedulability evaluation unit 22 calculates the required transmission time for each of the frames
retained in each of the transmission queues using the state information read at Step S500 (Step S504).
[0131] Thereafter, the schedulability evaluation unit 22 determines whether scheduling of the scheduled transmission
start time is possible, for each of the frames retained in the transmission queue and waiting for transmission (Step S506).
For example, the schedulability evaluation unit 22 determines a frame with the required transmission time that is calculated
at Step S504 and is smaller than the transmission possible time read at Step S502, among the frames retained in the
transmission queue and waiting for transmission, as a frame for which scheduling of the scheduled transmission start
time is possible. Specifically, when the required transmission time of the frame is equal to or smaller than the transmission
possible time assigned to the transmission queue, the schedulability evaluation unit 22 determines the frame as a frame
for which scheduling is possible.
[0132] Thereafter, the schedulability evaluation unit 22 determines whether any frame for which scheduling is impos-
sible exists (Step S508). The schedulability evaluation unit 22 performs determination at Step S508, by determining
whether the determination result at Step S506 includes a frame for which scheduling is impossible.
[0133] When the schedulability evaluation unit 22 determines that no frame for which scheduling is impossible exists
(No at Step S508), the process proceeds to Step S512.
[0134] By contrast, when the schedulability evaluation unit 22 determines that any frame for which scheduling is
impossible exists (Yes at Step S508), the process proceeds to Step S510. At Step S510, the schedulability evaluation
unit 22 changes the transmission possible time assigned to the transmission queue retaining the frame for which it is
determined that scheduling of the frame is impossible to "0", in the transmission possible time information 36A (see FIG.
3) (Step S510).
[0135] Specifically, the processing at Step S510 is performed, when the required transmission time exceeds the
transmission possible time assigned to the transmission queue. With this structure, the schedulability evaluation unit 22
is capable of suppressing scheduling of the erroneous scheduled transmission start time for the frame, transmission of
which is not completed within the transmission possible time. This structure enables the information processing apparatus
10 to perform transmission control satisfying, for example, restriction of the guard band defined in the IEEE 802.1Qbv
standard.
[0136] Thereafter, the schedulability evaluation unit 22 determines whether any frame for which scheduling is possible
exists (Step S512). The schedulability evaluation unit 22 performs determination at Step S512, by determining whether
the determination result at Step S506 includes a frame for which scheduling is possible.
[0137] When the schedulability evaluation unit 22 determines that no frame for which scheduling is possible exists
(No at Step S512), the present routine is ended. By contrast, when the schedulability evaluation unit 22 determines that
any frame for which scheduling is possible exists (Yes at Step S512), the process proceeds to Step S514.
[0138] At Step S514, the schedulability evaluation unit 22 notifies the scheduler unit 26 of the frame for which it is
determined that scheduling for the frame is possible (Step S514). Thereafter, the present routine is ended.
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Scheduling Processing

[0139] FIG. 12 is a detailed flowchart of the scheduling processing at Step S210 (see FIG. 5). FIG. 13 is a schematic
diagram illustrating a flow of the scheduling processing.
[0140] The scheduler unit 26 receives a notification of the frame for which scheduling is possible from the schedulability
evaluation unit 22 (Step S600).
[0141] Specifically, the scheduler unit 26 receives information, such as the transmission queue retaining the frame for
which scheduling is possible, the address retaining the frame, and the frame size, from the schedulability evaluation unit
22. At this step, the scheduler unit 26 may further receive the required transmission time of the frame calculated with
the schedulability evaluation unit 22. When there are a plurality of frames for which scheduling is possible, the scheduler
unit 26 may receive a notification of each of the frames from the schedulability evaluation unit 22. The scheduler unit
26 may further receive information relating to the priorities of the transmission queues retaining the respective frames,
from the schedulability evaluation unit 22.
[0142] Thereafter, the scheduler unit 26 reads the frame for which scheduling is possible and received at Step S600
from the frame storage 32 (Step S602). There are cases where a plurality of frames for which scheduling is possible
are notified. In such cases, the scheduler unit 26 may be configured to select a schedulable frame from one or more
schedulable frames, and schedule a starting time of transmission for the selected frame. In other words, the scheduler
unit 26 may select the frame to be read, or select the frame in accordance with an instruction received from the sched-
ulability evaluation unit 22.
[0143] Thereafter, the scheduler unit 26 reads the future time from the future time storage 38 (Step S604).
[0144] Thereafter, the scheduler unit 26 schedules the scheduled transmission start time of the frame read at Step
S602, on the basis of the future time read at Step S604 (Step S606). As described above, for example, the scheduler
unit 26 schedules the future time read at Step S604, as the scheduled transmission start time of the frame read at Step
S602. Thereafter, the present routine is ended.

First Post Processing

[0145] FIG. 14 is a detailed flowchart of the first post processing at Step S212 (see FIG. 5). FIG. 15 is a schematic
diagram illustrating a flow of the first post processing.
[0146] First, the scheduler unit 26 executes processing of reducing the values of the transmission possible time
assigned to the respective transmission queues retained in the available time storage 36 (Step S700).
[0147] For example, the scheduler unit 26 calculates the time obtained by subtracting the required transmission time
of the frame for which the scheduled transmission start time is scheduled by the scheduling processing performed
immediately before from each of the values of the transmission possible time assigned to the respective transmission
queues stored in the available time storage 36.
[0148] The value subtracted from the transmission possible time before update is not limited to the required transmission
time. For example, the scheduler unit 26 may use a value corresponding to the required transmission time as the value
to be subtracted. For example, the scheduler unit 26 may adjust the value to be subtracted, on the basis of the overhead
caused by the frame transmission unit 28 and the protocol processing of the physical layer, and the like. The overhead
is, for example, a preamble in transmitting Ethernet frames, or an interframe gap. The scheduler unit 26 may adjust the
reduction value, for the purpose of providing a safety margin.
[0149] Thereafter, the scheduler unit 26 calculates the updated future time (Step S702). Specifically, the scheduler
unit 26 calculates the updated future time, to update the future time stored in the future time storage 38 to the time further
advanced to the future.
[0150] For example, the scheduler unit 26 calculates the time obtained by adding the required transmission time of
the frame scheduled by the scheduling processing performed immediately before to the future time stored in the future
time storage 38, as the updated future time.
[0151] The value to be added to the future time before update is not limited to the required transmission time. For
example, the scheduler unit 26 may use a value corresponding to the required transmission time, as the value to be
added. As another example, the scheduler unit 26 may calculate the time obtained by adding the required transmission
time of the frame to the scheduled transmission start time of the frame scheduled by the scheduling processing performed
immediately before, as the updated future time.
[0152] As another example, the scheduler unit 26 may adjust the updated future time, on the basis of the overhead
caused by the frame transmission unit 28 and the protocol processing of the physical layer, and the like.
[0153] The scheduler unit 26 writes the values of the transmission possible time calculated at Step S700 and the future
time calculated at Step S702 to the transmission possible time information 36A and the future time information 38A,
respectively. By the processing, the scheduler unit 26 updates the values of the transmission possible time and the
future time (Step S704).
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[0154] Thereafter, the scheduler unit 26 notifies the frame transmission unit 28 of the frame for which the scheduled
transmission start time has been scheduled by the scheduling processing performed immediately before and the sched-
uled transmission start time scheduled for the frame (Step S706). Thereafter, the present routine is ended.

Second Post Processing

[0155] FIG. 16 is a detailed flowchart of the second post processing at Step S214 (see FIG. 5). FIG. 17 is a schematic
diagram illustrating a flow of the second post processing.
[0156] First, the prefetch notification unit 24 reads the future time from the future time storage 38 (Step S800). There-
after, the prefetch notification unit 24 calculates the time difference between the future time read at Step S800 and the
current time (Step S802).
[0157] Thereafter, the prefetch notification unit 24 determines whether the time difference calculated at Step S802 is
equal to or smaller than the threshold (Step S804). For example, a predetermined fixed value may be used as the
threshold, or a value dynamically changing in execution may be used. As another example, a plurality of thresholds may
be set. Even when any threshold is set, the time difference decreases as the current time becomes closer to the future
time, and the time difference becomes equal to or smaller than the threshold, at the time when the current time exceeds
a certain time.
[0158] When the time difference is larger than the threshold (No at Step S804), the present routine is ended. By
contrast, when the time difference is equal to or smaller than the threshold (Yes at Step S804), the process proceeds
to Step S806.
[0159] At Step S806, the prefetch notification unit 24 determines whether the time difference calculated at Step S802
is smaller than the value calculated in the previous iteration. Specifically, the prefetch notification unit 24 determines
whether the time difference has been reduced (Step S806). When the time difference has not been reduced (No at Step
S806), the present routine is ended. By contrast, when the time difference has been reduced (Yes at Step S806), the
process proceeds to Step S808.
[0160] At Step S808, the prefetch notification unit 24 reduces the values of the transmission possible time corresponding
to the respective transmission queues in the transmission possible time information 36A (Step S808). Thereafter, the
present routine is ended.
[0161] As described above, the future time is updated to a proper value, when scheduling of a new frame is performed
or prefetching of the entry 34D in the transmission scheduling information 34A is performed. Accordingly, when a state
in which neither scheduling nor prefetching is performed is continued, update of the future time is stopped. By contrast,
the current time gradually becomes closer to the future time, as the time lapses. In this manner, there are cases where
the time difference between the current time and the future time becomes equal to or smaller than the threshold used
for determination at Step S804. Accordingly, in the present arrangement, the prefetch notification unit 24 forcibly reduces
the values of the transmission possible time of the respective transmission queues registered in the transmission possible
time information 36A, as described above (see Step S808 described above).
[0162] The processing reduces the values of the transmission possible time of the respective transmission queues,
before the current time reaches the future time, even in the case where the schedulability evaluation unit 22 determines
that no frame for which scheduling is possible exists.
[0163] As described above, when the transmission possible time of each of the transmission queues becomes "0",
the prefetch unit 20 that has received a prefetching instruction from the prefetch notification unit 24 prefetches the next
entry 34D, and updates the future time stored in the future time storage 38. With this structure, a certain margin can
always be secured between the future time and the current time.

Transmission Processing

[0164] FIG. 18 is a detailed flowchart of the transmission processing at Step S102 (see FIG. 4). FIG. 19 is a schematic
diagram illustrating a flow of the transmission processing.
[0165] The frame transmission unit 28 determines whether any scheduled frame exists (Step S900). For example, the
frame transmission unit 28 performs determination at Step S900, by determining whether it has received a notification
of the frame for which scheduling has been completed and the scheduled transmission start time from the scheduler
unit 26. The frame transmission unit 28 may buffer the frame and the scheduled transmission start time received from
the scheduler unit 26.
[0166] When no scheduled frame exists (No at Step S900), the present routine is ended. By contrast, when any
scheduled frame exists (Yes at Step S900), the process proceeds to Step S902.
[0167] At Step S902, the frame transmission unit 28 compares the current time with the scheduled transmission start
time (Step S902). The current time used in the frame transmission unit 28 is the same as the current time used in the
host 12. The frame transmission unit 28 determines whether a result of comparison at Step S902 satisfies the transmission
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start condition (Step S904). An explanation of the transmission start condition is omitted herein, because it has been
described above. For example, the frame transmission unit 28 determines whether the current time agrees with the
scheduled transmission start time.
[0168] When the transmission start condition is satisfied (Yes at Step S904), the frame transmission unit 28 starts
transmission of the frame, for the frame for which the scheduled transmission start time has been scheduled (Step S906) .
[0169] For example, the frame transmission unit 28 starts transmission of the frame, when the current time agrees
with the scheduled transmission start time. As another example, the frame transmission unit 28 may start transmission
of the frame, when the current time has passed the scheduled transmission start time. The frame transmission unit 28
may start transmission of the frame, when the current time has passed the scheduled transmission start time and the
time difference between the current time and the scheduled transmission start time is equal to or smaller than the
predetermined value.
[0170] The frame transmission unit 28 may cancel transmission of the frame, when the current time has passed the
scheduled transmission start time and the time difference between the current time and the scheduled transmission start
time is larger than the predetermined value. In this case, the frame transmission unit 28 may perform any exception
processing for the frame for which transmission has been canceled. Specifically, the frame transmission unit 28 may
discard the frame for which transmission has been canceled, or put the frame again into the transmission queue of the
frame storage 32. In this case, the frame transmission unit 28 may notify the upper application of information relating to
the frame for which transmission has been canceled.
[0171] Thereafter, the present routine is ended. The transmission device 14 repeatedly performs the transmission
processing illustrated in FIG. 18. Specifically, after negative determination is made at Step S900 (No at Step S900),
negative determination is made at Step S904 (No at Step S904), or the processing at Step S906 is ended, the process
returns to Step S900 again, to repeatedly perform the process from Step S900 to Step S906. This structure enables the
transmission device 14 to repeatedly perform the transmission processing continuously.
[0172] As described above, the information processing apparatus 10 according to the present arrangement includes
the prefetch unit 20 and the scheduler unit 26. The prefetch unit 20 prefetches the entry 34D corresponding to the
maintaining timing coming in the future after the current time, in the transmission scheduling information 34A including
one or more entries 34D each providing the transmission possible/impossible state (gate state) of each of one or more
transmission queues and the maintaining timing of the transmission possible/impossible state. The scheduler unit 26
schedules the scheduled transmission start time of the frame retained in the transmission queue and waiting for trans-
mission, on the basis of the prefetched entry 34D.
[0173] As described above, the information processing apparatus 10 according to the present arrangement has the
structure in which the scheduler unit 26 schedules the scheduled transmission start time of the frame, on the basis of
the entry 34D prefetched with the prefetch unit 20, in the transmission scheduling information 34A.
[0174] Accordingly, the information processing apparatus 10 according to the present arrangement enables scheduling
for transmission timing control with high accuracy.
[0175] In addition, the frame transmission unit 28 starts transmission of the frame, on the basis of the scheduled
transmission start time scheduled with the scheduler unit 26. This structure enables the information processing apparatus
10 according to the present arrangement to achieve strict transmission control, on the basis of the transmission scheduling
information 34A, in addition to the effect described above. Specifically, the information processing apparatus 10 according
to the present arrangement is capable of guaranteeing the transmission timing of data requiring real-time communication,
in addition to the effect described above.
[0176] In addition, the information processing apparatus 10 according to the present arrangement is capable of achiev-
ing at least part of the functions (prefetch unit 20, schedulability evaluation unit 22, prefetch notification unit 24, and
scheduler unit 26) of the processor 31 with software.
[0177] With this structure, the information processing apparatus 10 according to the present arrangement is capable
of providing the information processing apparatus 10 capable of being flexibly compatible with improvement and changes,
in comparison with the case of achieving all the functions of the processor 31 with hardware. In addition, the information
processing apparatus 10 according to the present arrangement is capable of achieving complicated scheduling process-
ing, and achieving reduction in difficulty in design and implementation, and reduction in required hardware resources.
The information processing apparatus 10 according to the present arrangement also enables combination of any traffic
shaping algorithm (such as Credit Based Shaper of IEEE 802.1Qav) and transmission control by gate control of the
IEEE 802.1Qbv standard.
[0178] In addition, the information processing apparatus 10 according to the present arrangement has the structure
in which the prefetch unit 20 prefetches the entry 34D, the scheduler unit 26 schedules the scheduled transmission start
time of the frame, and the frame transmission unit 28 transmits the frame. With this structure, the information processing
apparatus 10 according to the present arrangement is capable of clearly separating the timing to prefetch the entry 34D,
the timing to schedule the scheduled transmission start time, and the timing to actually transmit the frame from each
other, and implementing them individually. This structure enables the information processing apparatus 10 according
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to the present arrangement to achieve both securement of flexibility in implementation and strict transmission timing
control.
[0179] In addition, each of the transmission queues is retained in the frame storage 32 provided in the host 12. This
structure enables flexible change of the size of each of the transmission queues and the number of transmission queues
as desired.
[0180] The information processing apparatus 10 according to the present arrangement enables achievement of the
functions of the frame transmission unit 28 with hardware. With this structure, the information processing apparatus 10
according to the present arrangement is capable of controlling the transmission timing with higher accuracy, in comparison
with the case of achieving the frame transmission unit 28 with software.

Specific Example

[0181] The following is an explanation of information processing performed with the information processing apparatus
10 according to the present arrangement, with a specific example. The present specific example illustrates the case
where the transmission scheduling information is a gate control list provided in the IEEE 802.1Qbv, as an example, but
the present invention is not limited thereto. In the same manner, the present specific example illustrates the case of
using the gate control list 34B as an example of the gate control list, but the present invention is not limited thereto.

Transmission Scheduling Information

[0182] First, the following is an explanation of an example of the transmission scheduling information 34A. The trans-
mission scheduling information 34A is, for example, information as illustrated in FIG. 2.
[0183] As explained above with reference to FIG. 2, in the example illustrated in FIG. 2, the transmission scheduling
information 34A includes the gate control list 34B and the other parameters 34C.
[0184] In the example illustrated in FIG. 2, the transmission scheduling information 34A is formed of eight entries 34D
(entry 34D0 to entry 34D7), and the eight entries 34D are provided with respective list indexes of 0 to 7. As described
above, the mark "o" expressed in the gate state indicates "valid" (open) indicating that transmission is possible, and the
mark "C" indicates "invalid" (close) indicating that transmission is impossible.
[0185] For example, the gate state "CCCCCCCo" of the entry 34D7 with the list index "7" in FIG. 2 indicates the
transmission possible/impossible state (open or close) of each of the transmission queues in the frame storage 32. As
described above, the present arrangement illustrates the case where the frame storage 32 includes eight transmission
queues (transmission queue 0 to transmission queue 7). Accordingly, the gate state "CCCCCCCo" of the entry 34D7
with the list index "7" indicates that transmission queue 1 to transmission queue 7 are invalid (close), and transmission
queue 0 is valid (open).
[0186] Specifically, in this case, the gate state indicates that only the transmission queue 0 is provided with permission
for transmission.
[0187] The example illustrated in FIG. 2 illustrates the case where only one transmission queue is valid (open: o) in
the gate state of each entry 34D. However, in a more general case, a plurality of transmission queues may be valid
(open: o) in the gate state of each entry 34D.
[0188] In addition, the example illustrated in FIG. 2 illustrates the case where all the time intervals included in the
respective entries 34D are set to the same value (2,500 nanoseconds). However, in a more general case, time intervals
having values different from each other among the entries 34D may be set. FIG. 2 illustrates the case where the gate
control list 34B includes the eight entries 34D, as an example. However, the number of entries 34D included in the gate
control list 34B is not limited to eight.
[0189] In addition, FIG. 2 illustrates the case of including eight transmission queues, in accordance with the IEEE
802.1Qbv standard. However, transmission queues of any number may be supposed.

Periodicity of Gate State

[0190] The following is an explanation of periodicity of the gate state. FIG. 20 and FIG. 21 are diagrams illustrating
examples of typical periodicity of the gate state. The periodicity of the gate state is defined, on the basis of the transmission
scheduling information 34A. For example, FIG. 20 is defined on the basis of the transmission scheduling information
34A illustrated in FIG. 2, and illustrates an example of the gate state in the first cycle and the second cycle of each of
the transmission queues. The start time of each of the cycles can be determined with the gate control start time (12:00:00
on October 16, 2017) and the gate control cycle time (20 microseconds) included in the transmission scheduling infor-
mation 34A in FIG. 2.
[0191] The start time of the nth cycle can be expressed with the following Expression (1). 
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[0192] In Expression (1), n is an integer of 1 or more.
[0193] In the example of FIG. 20, the start time of the first cycle is 12:00:00 on October 16, 2017 designated as the
gate control start time. The start time of the second cycle is 12:00:00.000020000 that is the time 20 microseconds after
the gate control start time.
[0194] FIG. 21 illustrates an example of the gate state of the third cycle and the fourth cycle of each of the transmission
queues. The start time of the third cycle is 12:00:00.000040000 that is the time 40 microseconds after the gate control
start time. The start time of the fourth cycle is 12:00:00.000060000 that is the time 60 microseconds after the gate control
start time.
[0195] When transmission processing of each of the cycles is started, the gate state of each of the transmission queues
is determined, on the basis of the order set in the entry 34D of the gate control list 34B. In the example of FIG. 20, during
the period of 2,500 nanoseconds from the start time (12:00:00) of the first cycle, the transmission possible/impossible
states of the respective transmission queues are determined with the gate state (oCCCCCCC) of the list index "0".
Thereafter, during the period of 2,500 nanoseconds from 12:00:00.000002500, the transmission possible/impossible
states of the respective transmission queues are determined with the gate state (CoCCCCCC) of the list index "1".
[0196] In addition, during the period of 2,500 nanoseconds from 12:00:00.000005000, the transmission possible/im-
possible states of the respective transmission queues are determined with the gate state (CCoCCCCC) of the list index "2".
[0197] As described above, the gate state of each of the transmission queues and the time interval of each of the
states are determined, in accordance with the order from the list index "0" to the list index "7" indicated in the gate control
list 34B.
[0198] Lastly, in the example of FIG. 20, during the period of 2,500 nanoseconds from 12:00:00.000017500, the
transmission possible/impossible states of the respective transmission queues are determined with the gate state
(CCCCCCCo) of the list index "7", and the first cycle is ended.

Prefetching and Scheduling Processing

[0199] The following is an explanation of the prefetching processing and the scheduling processing in a typical operation
scenario.
[0200] FIG. 22 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T0), at the time immediately after initialization. FIG. 23 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frame, and the scheduled transmission start time thereof, at the time immediately after
initialization.
[0201] In initialization, the prefetch unit 20 performs initialization processing explained with reference to FIG. 6 and
FIG. 7. In the example illustrated in FIG. 22 and FIG. 23, the prefetch unit 20 sets the gate control start time included in
the transmission scheduling information 34A, as the future time tf, and assigns the transmission possible time of 2,500
nanoseconds to the transmission queue 7.

Specific Example 1 of Scheduling Processing

[0202] FIG. 24 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T1), at the time 0.001 second after initialization. FIG. 25 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frame, and the scheduled transmission start time thereof, at the time 0.001 second
after initialization. FIG. 25 illustrates an example of the case where a frame f0 with the required transmission time of
1,000 nanoseconds is written to the transmission queue 7 at the time 0.001 second after initialization.
[0203] In the example illustrated in FIG. 25, the required transmission time of the frame f0 is equal to or smaller than
the transmission possible time of the transmission queue 7. Accordingly, the schedulability evaluation unit 22 determines
that scheduling of the scheduled transmission start time of the frame f0 is possible (see reference numeral 60 in FIG.
25). As a result, the scheduler unit 26 schedules the future time (12:00:00.000000000 on October 16, 2017) at the time
0.001 second after initialization, as the scheduled transmission start time of the frame f0.
[0204] FIG. 26 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T2), at the time 0.002 second after initialization. FIG. 27 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
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transmission time, the scheduled frame, and the scheduled transmission start time thereof, at the time 0.002 second
after initialization. FIG. 27 illustrates an example at the time 0.002 second after initialization and after the frame f0 has
been scheduled.
[0205] In the scheduling, the schedulability evaluation unit 22 and the scheduler unit 26 perform the determination
processing, the scheduling processing, and the first post processing explained with reference to FIG. 10 to FIG. 15.

Specific Example 2 of Scheduling Processing

[0206] FIG. 28 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T3), at the time 0.003 second after initialization. FIG. 29 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frame, and the scheduled transmission start time thereof, at the time 0.003 second
after initialization. FIG. 29 illustrates an example of the case where a frame f1 with the required transmission time of
1,200 nanoseconds is written to the transmission queue 7 at the time 0.003 second after initialization.
[0207] In the example of FIG. 29, the required transmission time of the frame f1 is equal to or smaller than the
transmission possible time of the transmission queue 7 (see reference numeral 62). Accordingly, the schedulability
evaluation unit 22 determines that scheduling of the scheduled transmission start time of the frame f1 is possible. As a
result, the scheduler unit 26 schedules the future time (12:00:00.000001000 on October 16, 2017) at the time 0.003
second after initialization, as the scheduled transmission start time of the frame f1.
[0208] FIG. 30 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T4), at the time 0.004 second after initialization. FIG. 31 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.004 second after initialization. FIG. 31 illustrates an example at the time 0.004 second after initialization and after the
frame f1 has been scheduled.
[0209] In the scheduling, the schedulability evaluation unit 22 and the scheduler unit 26 perform the determination
processing, the scheduling processing, and the first post processing explained with reference to FIG. 10 to FIG. 15.
[0210] Specific Example of Clearing the Transmission Possible Time to Zero
[0211] FIG. 32 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T5), at the time 0.005 second after initialization. FIG. 33 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.005 second after initialization. FIG. 33 illustrates an example of the case where a frame f2 with the required transmission
time of 1,500 nanoseconds is written to the transmission queue 7 at the time 0.005 second after initialization.
[0212] In the example of FIG. 33, the required transmission time of the frame f2 is larger than the transmission possible
time of the transmission queue 7. Accordingly, the schedulability evaluation unit 22 determines that scheduling of the
scheduled transmission start time of the frame f2 is impossible.
[0213] FIG. 34 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T6), at the time 0.006 second after initialization. FIG. 35 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.006 second after initialization. FIG. 35 illustrates an example at the time 0.006 second after initialization and after the
transmission possible time of the transmission queue 7 has been cleared to "0". In the zero clear processing, the
schedulability evaluation unit 22 performs a series of processes including the processing of changing the transmission
possible time to zero, explained with reference to FIG. 10 and FIG. 11.

Specific Example 1 of Prefetching Processing

[0214] FIG. 36 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T7), at the time 0.007 second after initialization. FIG. 37 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.007 second after initialization. FIG. 37 illustrates an example at the time 0.007 second after initialization and after the
entry 34D1 of the list index "1" has been prefetched in the gate control list 34B.
[0215] In prefetching processing, the prefetch unit 20 and the prefetch notification unit 24 perform a series of processes
explained with reference to FIG. 8 and FIG. 9.
[0216] In the example illustrated in FIG. 36 and FIG. 37, the prefetch unit 20 updates the future time to
12:00:00.000002500 on October 16, 2017, and assigned the transmission possible time of 2,500 nanoseconds to the
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transmission queue 6.

Specific Example 3 of Scheduling Processing

[0217] FIG. 38 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T8), at the time 0.008 second after initialization. FIG. 39 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.008 second after initialization. FIG. 39 illustrates an example of the case where a frame f3 with the required transmission
time of 1,000 nanoseconds is written to the transmission queue 6 at the time 0.008 second after initialization.
[0218] In the example of FIG. 39, the required transmission time of the frame f3 is equal to or smaller than the
transmission possible time of the transmission queue 6. Accordingly, the schedulability evaluation unit 22 determines
that scheduling of the frame f3 is possible. As a result, the scheduler unit 26 schedules the future time
(12:00:00.000002500 on October 16, 2017) at the time 0.008 second after initialization, as the scheduled transmission
start time of the frame f3.
[0219] FIG. 40 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T9), at the time 0.009 second after initialization. FIG. 41 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.009 second after initialization. FIG. 41 illustrates an example at the time 0.009 second after initialization and after the
frame f3 has been scheduled.
[0220] In the scheduling, the schedulability evaluation unit 22 and the scheduler unit 26 perform the determination
processing, the scheduling processing, and the first post processing explained with reference to FIG. 10 to FIG. 15.

Specific Example 4 of Scheduling Processing

[0221] FIG. 42 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T10), at the time 0.010 second after initialization. FIG. 43 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frame, and the scheduled transmission start time thereof, at the time 0.010 second
after initialization. FIG. 43 illustrates an example of the case where a frame f4 with the required transmission time of
1,500 nanoseconds is written to the transmission queue 6 at the time 0.010 second after initialization.
[0222] In the example of FIG. 43, the required transmission time of the frame f4 is equal to the transmission possible
time of the transmission queue 6. Accordingly, the schedulability evaluation unit 22 determines that scheduling of the
scheduled transmission start time of the frame f4 is possible. As a result, the scheduler unit 26 schedules the future time
(12:00:00.000003500 on October 16, 2017) at the time 0.010 second after initialization, as the scheduled transmission
start time of the frame f4.
[0223] FIG. 44 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T11), at the time 0.011 second after initialization. FIG. 45 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.011 second after initialization. FIG. 45 illustrates an example at the time 0.011 second after initialization and after the
frame f4 has been scheduled.
[0224] In the scheduling, the schedulability evaluation unit 22 and the scheduler unit 26 perform the determination
processing, the scheduling processing, and the first post processing explained with reference to FIG. 10 to FIG. 15.

Specific Example 2 of Prefetching Processing

[0225] FIG. 46 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T12), at the time 0.012 second after initialization. FIG. 47 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.012 second after initialization. FIG. 47 illustrates an example at the time 0.012 second after initialization and after the
entry 34D2 of the list index "2" has been prefetched in the gate control list 34B.
[0226] In prefetching processing, the prefetch unit 20 and the prefetch notification unit 24 perform a series of processes
explained with reference to FIG. 8 and FIG. 9.
[0227] Specific Example of the Case where No Frame for which Scheduling is Possible Exists
[0228] FIG. 48 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
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current time tc and the future time tf (see timing T13), at the time 0.013 second after initialization. FIG. 49 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.013 second after initialization. FIG. 49 illustrates an example at the time 0.013 second after initialization and in which
no frame for which scheduling is possible exists.
[0229] In the example illustrated in FIG. 49, the transmission possible time of the transmission queue 7 is zero (see
reference numeral 74). Accordingly, the scheduler unit 26 cannot schedule the frame f2 retained in the transmission
queue 7.
[0230] In addition, the transmission possible time of 2,500 nanoseconds is assigned to the transmission queue 5.
Accordingly, sufficient transmission possible time is left for the transmission queue 5. However, because no frames are
retained in the transmission queue 5, no new frame can be scheduled.
[0231] Accordingly, at the time 0.013 second after initialization, no frame for which scheduling is possible exists.
[0232] Specific Example of the Case where Update of the Future Time is Stopped
[0233] FIG. 50 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T14), at the time 0.014 second after initialization. FIG. 51 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.014 second after initialization. FIG. 51 illustrates an example at the time 0.014 second after initialization and the case
where update of the future time is stopped.
[0234] The future time is updated to a proper value, when scheduling of a new frame is performed or prefetching of
the entry 34D in the transmission scheduling information 34A is performed. Accordingly, when the state in which neither
scheduling nor prefetching processing is performed continues, update of the future time is stopped.
[0235] In the example illustrated in FIG. 51, because neither scheduling of a new frame nor prefetching of the entry
34D has been performed after the time 0.014 second after initialization, update of the future time is completely stopped.
[0236] FIG. 52 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T15), at the time 0.015 second after initialization. FIG. 53 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.015 second after initialization. FIG. 54 is a diagram illustrating the current time tc, the future time tf, and the time
difference td between the current time tc and the future time tf (see timing T16), at the time 0.016 second after initialization.
FIG. 55 is a diagram illustrating the current time, the future time, the values of the transmission possible time, the values
of the required transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof,
at the time 0.016 second after initialization. FIG. 56 is a diagram illustrating the current time tc, the future time tf, and
the time difference td between the current time tc and the future time tf (see timing T17), at the time 0.017 second after
initialization. FIG. 57 is a diagram illustrating the current time, the future time, the values of the transmission possible
time, the values of the required transmission time, the scheduled frames, and the values of the scheduled transmission
start time thereof, at the time 0.017 second after initialization.
[0237] FIG. 53, FIG. 55, and FIG. 57 illustrate respective examples of the cases where update of the future time is
stopped at the time 0.015 second after initialization, 0.016 second after initialization, and 0.017 second after initialization,
respectively. In the examples of FIG. 53, FIG. 55, and FIG. 57, with advance of the current time, the current time is
gradually coming closer to the future time. As a result, the time difference between the current time and the future time
is being gradually reduced.
[0238] Specific Example of the Case where the Time Difference between the Current Time and the Future Time Has
Been Reduced
[0239] FIG. 58 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T18), at the time 0.999985 second after initialization. FIG. 59 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.999985 second after initialization. FIG. 59 illustrates an example of the case where the threshold of the time difference
between the current time and the future time is set to 20 microseconds.
[0240] As described above, any value may be set as the threshold of the time difference. In the example of FIG. 59,
the time difference between the current time (11:59:59.999985000 on October 16, 2017) and the future time
(12:00:00.000005000 on October 16, 2017) has a value equal to or smaller than the threshold (20 microseconds). This
state causes the state of satisfying the condition for performing the second post processing to forcibly reduce the
transmission possible time of the transmission queue.
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Specific Example 1 of Second Post Processing

[0241] FIG. 60 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T19), at the time 0.999986 second after initialization. FIG. 61 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.999986 second after initialization. FIG. 61 illustrates an example of the second post processing to forcibly reduce the
transmission possible time of the transmission queue 5 at the time 0.999986 second after initialization.
[0242] In the example of FIG. 61, the time difference (0.000019000 second = 19 microseconds) between the current
time and the future time has a value equal to or smaller than the threshold (20 microseconds). Accordingly, the prefetch
notification unit 24 performs the processing of reducing the transmission possible time. As described above, the value
used for subtraction may be any value satisfying the condition that the transmission possible time of each of the trans-
mission queue is reduced to zero before the current time reaches the future time. In the example illustrated in FIG. 61,
the transmission possible time assigned to the transmission queue 5 is reduced by the difference (1 microsecond)
between the time difference (20 microseconds) at the time 0.999985 second after initialization and the time difference
(19 microseconds) at the time 0.999986 second after initialization. As a result the transmission possible time of the
transmission queue 5 is updated to 0.000001500.
[0243] In the second post processing to reduce the transmission possible time of the transmission queue, the prefetch
notification unit 24 performs a series of processes explained with reference to FIG. 16 and FIG. 17.

Specific Example 2 of Second Post Processing

[0244] FIG. 62 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T20), at the time 0.999987 second after initialization. FIG. 63 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.999987 second after initialization. FIG. 63 illustrates an example of the second post processing to forcibly reduce the
transmission possible time of the transmission queue 5 at the time 0.999987 second after initialization.
[0245] In the example of FIG. 63, the time difference (0.000018000 second = 18 microseconds) between the current
time and the future time has a value equal to or smaller than the threshold (20 microseconds). Accordingly, the prefetch
notification unit 24 forcibly reduces the transmission possible time assigned to the transmission queue 5. In the example,
the prefetch notification unit 24 reduces the transmission possible time assigned to the transmission queue 5 by the
difference (1 microsecond) between the time difference (19 microseconds) at the time 0.999986 second after initialization
and the time difference (18 microseconds) at the time 0.999987 second after initialization. As a result, the prefetch
notification unit 24 updates the transmission possible time of the transmission queue 5 to 0.000000500.
[0246] In the second post processing to reduce the transmission possible time of the transmission queue, the prefetch
notification unit 24 performs a series of processes explained with reference to FIG. 16 and FIG. 17.

Specific Example 3 of Second Post Processing

[0247] FIG. 64 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T21), at the time 0.9999875 second after initialization. FIG. 65 is a
diagram illustrating the current time, the future time, the values of the transmission possible time, the values of the
required transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at
the time 0.9999875 second after initialization. FIG. 65 illustrates an example of the processing to forcibly reduce the
transmission possible time of the transmission queue 5 at the time 0.9999875 second after initialization.
[0248] In the example of FIG. 65, the time difference (0.000017500 second = 17.5 microseconds) between the current
time and the future time has a value equal to or smaller than the threshold (20 microseconds). Accordingly, the prefetch
notification unit 24 forcibly reduces the transmission possible time assigned to the transmission queue 5. In the example,
the prefetch notification unit 24 reduces the transmission possible time assigned to the transmission queue 5 by the
difference (0.5 microsecond) between the time difference (18 microseconds) at the time 0.999987 second after initiali-
zation and the time difference (17.5 microseconds) at the time 0.9999875 second after initialization. As a result, the
prefetch notification unit 24 updates the transmission possible time of the transmission queue 5 to 0.000000000.
[0249] In the second post processing to reduce the transmission possible time of the transmission queue, the prefetch
notification unit 24 performs a series of processes explained with reference to FIG. 16 and FIG. 17.
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Specific Example 3 of Prefetching Processing

[0250] FIG. 66 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T22), at the time 0.999988 second after initialization. FIG. 67 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at the time
0.999988 second after initialization. FIG. 67 illustrates an example at the time 0.999988 second after initialization and
after the transmission possible time of the transmission queue 5 is reduced to zero.
[0251] In the example illustrated in FIG. 67, all the values of the transmission possible time assigned to the respective
transmission queues are set to zero. This state satisfies the condition for prefetching the next entry 34D.
[0252] FIG. 68 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T23), at the time 0.9999885 second after initialization. FIG. 69 is a
diagram illustrating the current time, the future time, the values of the transmission possible time, the values of the
required transmission time, the scheduled frames, and the values of the scheduled transmission start time thereof, at
the time 0.9999885 second after initialization. FIG. 69 illustrates an example at the time 0.9999885 second after initial-
ization and after the entry 34D3 of the list index of "3" in the gate control list 34B of the transmission scheduling information
34A is prefetched at the time 0.9999885 second after initialization.
[0253] In the prefetching processing, the prefetch unit 20 and the prefetch notification unit 24 perform a series of
processes explained with reference to FIG. 8 and FIG. 9.
[0254] In the example of FIG. 68 and FIG. 69, the prefetch unit 20 updates the future time to 12:00:00.000007500 on
October 16, 2017, and assigns the transmission possible time of 2,500 nanoseconds to the transmission queue 4.

Specific Example 5 of Scheduling Processing

[0255] FIG. 70 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T24), at the time 0.999989 second after initialization. FIG. 71 is a diagram
illustrating the current time, the future time, the values of the transmission possible time, the values of the required
transmission time, the scheduled frame, and the scheduled transmission start time thereof, at the time 0.999989 second
after initialization. FIG. 71 illustrates an example of the case where a frame f5 with the required transmission time of
1,000 nanoseconds is written to the transmission queue 4 at the time 0.999989 second after initialization.
[0256] In the example of FIG. 71, the time difference (0.000018500 second = 18.5 microseconds) between the current
time and the future time has a value equal to or smaller than the threshold (20 microseconds). Accordingly, the prefetch
notification unit 24 forcibly reduces the transmission possible time assigned to the transmission queue 4. In the example,
the prefetch notification unit 24 reduces the transmission possible time assigned to the transmission queue 4 by the
difference (0.5 microsecond) between the time difference (19 microseconds) at the time 0.9999885 second after initial-
ization and the time difference (18.5 microseconds) at the time 0.999989 second after initialization. As a result, the
prefetch notification unit 24 updates the transmission possible time of the transmission queue 4 to 0.000002000.
[0257] In the example illustrated in FIG. 71, the required transmission time of the frame f5 is equal to or smaller than
the transmission possible time of the transmission queue 4 (see reference numeral 80). Accordingly, the schedulability
evaluation unit 22 determines that scheduling of the frame f5 is possible. As a result, the scheduler unit 26 schedules
the future time (12:00:00.000007500 on October 16, 2017) at the time 0.999989 second after initialization, as the sched-
uled transmission start time of the frame f5.
[0258] FIG. 72 is a diagram illustrating the current time tc, the future time tf, and the time difference td between the
current time tc and the future time tf (see timing T25), at the time 0.9999895 second after initialization. FIG. 73 is a
diagram illustrating the current time, the future time, the values of the transmission possible time, the values of the
required transmission time, the scheduled frame, and the scheduled transmission start time thereof, at the time 0.9999895
second after initialization. FIG. 73 illustrates an example at the time 0.9999895 second after initialization and after the
frame f5 has been scheduled.
[0259] In the scheduling, the schedulability evaluation unit 22 and the scheduler unit 26 perform the determination
processing, the scheduling processing, and the first post processing explained with reference to FIG. 10 to FIG. 15.
[0260] As explained above with specific examples, the information processing apparatus 10 according to the present
arrangement has the structure in which the scheduler unit 26 schedules the scheduled transmission start time of the
frame, on the basis of the entry 34D prefetched with the prefetch unit 20, in the transmission scheduling information 34A.
[0261] Accordingly, the information processing apparatus 10 according to the present arrangement enables scheduling
for transmission timing control with high accuracy. Specifically, the information processing apparatus 10 according to
the present arrangement is capable of achieving transmission control by dynamic scheduling, on the basis of the trans-
mission scheduling information 34A.
[0262] The following is an explanation of an example of a hardware configuration of the information processing appa-
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ratus 10 according to the present arrangement. FIG. 74 is an example of a hardware configuration diagram of the
information processing apparatus 10 according to the present arrangement.
[0263] The information processing apparatus 10 according to the present arrangement includes a control device, such
as a CPU 40, storage devices, such as a Read Only Memory (ROM) 41, a Random Access Memory (RAM) 42, and a
hard disk drive (HDD) 44, an I/F unit 43 serving as an interface with the various devices, and a bus 45 connecting the
units, and has a hardware configuration using an ordinary computer.
[0264] In the information processing apparatus 10 according to the present arrangement, the CPU 40 reads a computer
program from the ROM 41 onto the RAM 42, and executes the program, to achieve the units described above on the
computer.
[0265] The program executed with the information processing apparatus 10 according to the present arrangement to
perform the processes described above may be stored in the HDD 44. As another example, the program executed with
the information processing apparatus 10 according to the present arrangement to perform the processes described
above may be incorporated in advance in the ROM 41 to be provided.
[0266] The program executed with the information processing apparatus 10 according to the present arrangement to
perform the processes described above may also be stored in a computer-readable storage medium, such as a CD-
ROM, a CD-R, a memory card, a digital versatile disc (DVD), and a flexible disk (FD), as a file of the form that can be
installed or executed, to be provided as a computer program product. The program executed with the information
processing apparatus 10 according to the present arrangement to perform the processes described above may also be
stored on a computer connected to a network, such as the Internet, and provided by being downloaded through the
network. The program executed with the information processing apparatus 10 according to the present arrangement to
perform the processes described above may also be provided or distributed through a network, such as the Internet.
[0267] While certain arrangements have been described, these arrangements have been presented by way of example
only, and are not intended to limit the scope of the claims. Indeed, the apparatuses described herein may be embodied
in a variety of other forms; furthermore various omissions, substitutions and changes in the form of the apparatuses
described herein may be made.

Example 1. An information processing apparatus includes a prefetch unit and a scheduler unit. The prefetch unit is
configured to prefetch a scheduling entry corresponding a future time period in advance from scheduling information
including one or more entries each of which at least contains a transmission state and interval for each of one or
more transmission queues. The scheduler unit is configured to determine a starting time of transmission for each
frame waiting for transmission in each queue, on the basis of the prefetched entry.
Example 2. The information processing apparatus according to Example 1, further includes a frame transmission
unit configured to start transmission of a frame, on the basis of a predetermined starting time of transmission.
Example 3. The information processing apparatus according to Example 1 or 2, further includes a prefetch notification
unit configured to notify the prefetch unit to prefetch a next entry from the scheduling information. The prefetch unit
is configured to prefetch the next entry, when the prefetch unit receives a notification from the prefetch notification unit.
Example 4. In the information processing apparatus according to Example 3, the prefetch notification unit is configured
to send notification to the prefetch unit, on the basis of an available time for transmission for each and every queue
at a future time, which is a prospective time to schedule future transmission.
Example 5. In the information processing apparatus according to Example 3, the prefetch notification unit is configured
to send notification to the prefetch unit, on the basis of the available time of each queue at the future time, and a
time difference between a current time and the future time.
Example 6. The information processing apparatus according to any one of Examples 1 to 5, further includes a
schedulability evaluation unit configured to evaluate each frame waiting for transmission in each queue and determine
one or more schedulable frames, if any exist. The scheduler unit is configured to schedule a starting time of trans-
mission for a predetermined schedulable frame.
Example 7. In the information processing apparatus according to Example 6, the schedulability evaluation unit is
configured to determine whether or not each frame waiting for transmission can be schedulable, which means each
frame can be transmitted within the available time of each corresponding queue at the future time.
Example 8. In the information processing apparatus according to Example 6 or 7, the scheduler unit is configured
to select a schedulable frame from one or more schedulable frames, and schedule a starting time of transmission
for the selected frame.
Example 9. In the information processing apparatus according to any one of Examples 1 to 8, the prefetch unit is
configured to update a future time, which is a prospective time to schedule future transmission, and an available
time for transmission for each queue at the future time, on the basis of the prefetched entry.
Example 10. In the information processing apparatus according to any one of Examples 1 to 9, the scheduler unit
is configured to update the future time and the available time of each queue, using a required amount of time to
transmit a scheduled frame.
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Example 11. in the information processing apparatus according to any one of Examples 3 to 5, the prefetch notification
unit is configured to update the available time of each queue, on the basis of a time difference between a current
time and the future time.
Example 12. In the information processing apparatus according to any one of Examples 1 to 11, the future time
period is specified with a starting time and an end time of a period for which the corresponding transmission state
is valid, or a starting time and a specific amount of time for which the corresponding transmission state is valid.
Example 13. In the information processing apparatus according to any one of Examples 1 to 12, the scheduling
information includes information provided in IEEE 802.1Qbv standard.
Example 14. An information processing method includes: prefetching a scheduling entry corresponding a future
time period in advance from scheduling information including one or more entries each of which at least contains a
transmission state and interval for each of one or more transmission queues; and determining a starting time of
transmission for each frame waiting for transmission in each queue, on the basis of the prefetched entry.
Example 15. A computer-readable medium including instructions which, when executed by a computer, cause the
computer to perform: prefetching a scheduling entry corresponding a future time period in advance from scheduling
information including one or more entries each of which at least contains a transmission state and interval for each
of one or more transmission queues; and determining a starting time of transmission for each frame waiting for
transmission in each queue, on the basis of the prefetched entry.
Example 16. An information processing apparatus includes a prefetch unit, a scheduler unit, and a frame transmission
unit. The prefetch unit is configured to prefetch a scheduling entry corresponding a future time period in advance
from scheduling information including one or more entries each of which at least contains a transmission state and
interval for each of one or more transmission queues. The scheduler unit is configured to determine a starting time
of transmission for each frame waiting for transmission in each queue, on the basis of the prefetched entry. The
frame transmission unit is configured to start transmission of a frame, on the basis of a predetermined starting time
of transmission.

Claims

1. An information processing apparatus comprising:

a prefetch unit(20) configured to prefetch a scheduling entry corresponding a future time period in advance from
scheduling information including one or more entries each of which at least contains a transmission state and
interval for each of one or more transmission queues; and
a scheduler unit(26) configured to determine a starting time of transmission for each frame waiting for trans-
mission in each queue, on the basis of the prefetched entry.

2. The information processing apparatus according to claim 1, further comprising a frame transmission unit(28) con-
figured to start transmission of a frame, on the basis of a predetermined starting time of transmission.

3. The information processing apparatus according to claim 1 or 2, further comprising a prefetch notification unit(24)
configured to notify the prefetch unit(20) to prefetch a next entry from the scheduling information, wherein
the prefetch unit(20) is configured to prefetch the next entry, when the prefetch unit(20) receives a notification from
the prefetch notification unit(24).

4. The information processing apparatus according to claim 3, wherein the prefetch notification unit(24) is configured
to send notification to the prefetch unit(20), on the basis of an available time for transmission for each and every
queue at a future time, which is a prospective time to schedule future transmission.

5. The information processing apparatus according to claim 3, wherein the prefetch notification unit(24) is configured
to send notification to the prefetch unit(20), on the basis of the available time of each queue at the future time, and
a time difference between a current time and the future time.

6. The information processing apparatus according to any one of claims 1 to 5, further comprising a schedulability
evaluation unit(22) configured to evaluate each frame waiting for transmission in each queue and determine one or
more schedulable frames, if any exist, wherein
the scheduler unit(26) is configured to schedule a starting time of transmission for a predetermined schedulable frame.

7. The information processing apparatus according to claim 6, wherein the schedulability evaluation unit(22) is con-
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figured to determine whether or not each frame waiting for transmission can be schedulable, which means each
frame can be transmitted within the available time of each corresponding queue at the future time.

8. The information processing apparatus according to claim 6 or 7, wherein the scheduler unit(26) is configured to
select a schedulable frame from one or more schedulable frames, and schedule a starting time of transmission for
the selected frame.

9. The information processing apparatus according to any one of claims 1 to 8, wherein the prefetch unit(20) is configured
to update a future time, which is a prospective time to schedule future transmission, and an available time for
transmission for each queue at the future time, on the basis of the prefetched entry.

10. The information processing apparatus according to any one of claims 1 to 9, wherein the scheduler unit(26) is
configured to update the future time and the available time of each queue, using a required amount of time to transmit
a scheduled frame.

11. The information processing apparatus according to any one of claims 3 to 5, wherein the prefetch notification unit(24)
is configured to update the available time of each queue, on the basis of a time difference between a current time
and the future time.

12. The information processing apparatus according to any one of claims 1 to 11, wherein the future time period is
specified with a starting time and an end time of a period for which the corresponding transmission state is valid, or
a starting time and a specific amount of time for which the corresponding transmission state is valid.

13. The information processing apparatus according to any one of claims 1 to 12, wherein the scheduling information
includes information provided in IEEE 802.1Qbv standard.

14. An information processing method comprising:

prefetching(20) a scheduling entry corresponding a future time period in advance from scheduling information
including one or more entries each of which at least contains a transmission state and interval for each of one
or more transmission queues; and
determining(26) a starting time of transmission for each frame waiting for transmission in each queue, on the
basis of the prefetched entry.

15. A computer-readable medium comprising instructions which, when executed by a computer, cause the computer
to perform:

prefetching(20) a scheduling entry corresponding a future time period in advance from scheduling information
including one or more entries each of which at least contains a transmission state and interval for each of one
or more transmission queues; and
determining(26) a starting time of transmission for each frame waiting for transmission in each queue, on the
basis of the prefetched entry.

16. An information processing apparatus comprising:

a prefetch unit(20) configured to prefetch a scheduling entry corresponding a future time period in advance from
scheduling information including one or more entries each of which at least contains a transmission state and
interval for each of one or more transmission queues;
a scheduler unit(26) configured to determine a starting time of transmission for each frame waiting for trans-
mission in each queue, on the basis of the prefetched entry; and
a frame transmission unit(28) configured to start transmission of a frame, on the basis of a predetermined
starting time of transmission.

Amended claims in accordance with Rule 137(2) EPC.

1. An information processing apparatus, characterized in that the apparatus comprises:
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a prefetch unit (20) configured to prefetch a scheduling entry corresponding a future time period in advance
from scheduling information including one or more entries each of which at least contains a transmission state
and interval for each of one or more transmission queues; and
a scheduler unit (26) configured to determine a starting time of transmission for each frame waiting for trans-
mission in each queue, on the basis of the prefetched entry.

2. The information processing apparatus according to claim 1, further comprising a frame transmission unit (28) con-
figured to start transmission of a frame, on the basis of a predetermined starting time of transmission.

3. The information processing apparatus according to claim 1 or 2, further comprising a prefetch notification unit (24)
configured to notify the prefetch unit (20) to prefetch a next entry from the scheduling information, wherein
the prefetch unit (20) is configured to prefetch the next entry, when the prefetch unit (20) receives a notification from
the prefetch notification unit (24).

4. The information processing apparatus according to claim 3, wherein the prefetch notification unit (24) is configured
to send notification to the prefetch unit (20), on the basis of an available time for transmission for each and every
queue at a future time, which is a prospective time to schedule future transmission.

5. The information processing apparatus according to claim 3, wherein the prefetch notification unit (24) is configured
to send notification to the prefetch unit (20), on the basis of the available time of each queue at the future time, and
a time difference between a current time and the future time.

6. The information processing apparatus according to any one of claims 1 to 5, further comprising a schedulability
evaluation unit (22) configured to evaluate each frame waiting for transmission in each queue and determine one
or more schedulable frames, if any exist, wherein
the scheduler unit (26) is configured to schedule a starting time of transmission for a predetermined schedulable
frame.

7. The information processing apparatus according to claim 6, wherein the schedulability evaluation unit (22) is con-
figured to determine whether or not each frame waiting for transmission can be schedulable, which means each
frame can be transmitted within the available time of each corresponding queue at the future time.

8. The information processing apparatus according to claim 6 or 7, wherein the scheduler unit (26) is configured to
select a schedulable frame from one or more schedulable frames, and schedule a starting time of transmission for
the selected frame.

9. The information processing apparatus according to any one of claims 1 to 8, wherein the prefetch unit (20) is
configured to update a future time, which is a prospective time to schedule future transmission, and an available
time for transmission for each queue at the future time, on the basis of the prefetched entry.

10. The information processing apparatus according to any one of claims 1 to 9, wherein the scheduler unit (26) is
configured to update the future time and the available time of each queue, using a required amount of time to transmit
a scheduled frame.

11. The information processing apparatus according to any one of claims 3 to 5, wherein the prefetch notification unit
(24) is configured to update the available time of each queue, on the basis of a time difference between a current
time and the future time.

12. The information processing apparatus according to any one of claims 1 to 11, wherein the future time period is
specified with a starting time and an end time of a period for which the corresponding transmission state is valid, or
a starting time and a specific amount of time for which the corresponding transmission state is valid.

13. The information processing apparatus according to any one of claims 1 to 12, wherein the scheduling information
includes information provided in IEEE 802.1Qbv standard.

14. An information processing method, characterized by:

Prefetching(20) a scheduling entry corresponding a future time period in advance from scheduling information
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including one or more entries each of which at least contains a transmission state and interval for each of the
one or more transmission queues; and
Determining (26) a starting time of transmission for each frame waiting for transmission in each queue, on the
basis of the prefetched entry.

15. A computer-readable medium comprising instructions which, when executed by a computer, cause the computer to
characterized in that
the instructions cause the computer to perform:

prefetching (20) a scheduling entry corresponding a future time period in advance from scheduling information
including one or more entries each of which at least contains a transmission state and interval for each of one
or more transmission queues; and
determining (26) a starting time of transmission for each frame waiting for transmission in each queue, on the
basis of the prefetched entry.
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